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F
etal death is a devastating experience for parents and caregivers. A complex chain of events often precedes the fetal death. Health care workers are responsible for providing support to families and for investigating the cause of death. This information can give insight into why death occurred, which will aid parents in the mourning process. Furthermore, it will be of value in determining recurrence risk, counseling and prevention for future pregnancies, and audit of the care provided, and it enables comparison of health care. 1 Unfortunately the cause of death is reported as unexplained in up to two thirds of stillbirths. 2, 3 Using a systematic and well-defined approach to evaluate the cause of death reduces this percentage. 4 However, the optimal workup after fetal death has not yet been established and local protocols differ and are often extensive. Consequently, there is a debate on which tests and examinations should be included in an investigative workup to ensure an acceptable chance of determination of the cause of fetal death.
Several reviews on the workup after fetal death have been published, 3, 5, 6 however a prospective, systematic evaluation of a large cohort of fetal deaths has not yet been performed. Therefore we prospectively analyzed all diagnostic tests of an extensive protocol in which the contribution of each test was evaluated for determining the cause of fetal death according to the Tulip classification. 7 Our goal was to propose a guideline for an optimal workup after fetal death in terms of a high percentage of explained fetal deaths in combination with a minimum of testing.
MATERIALS AND METHODS
In 2002, we initiated the prospective intrauterine fetal death (IUFD) cohort study in 50 Dutch secondary and tertiary referral hospitals. Inclusion criteria were singleton IUFD diagnosed antepartum Ն20 weeks' gestation. Pregnancy terminations and intrapartum deaths were excluded. The study was approved by the review boards of all hospitals and informed consent was obtained from all participants.
Diagnostic protocol
Data included medical and obstetric history and details on pregnancy and deliv-ery. Before the study started we examined local protocols of participating hospitals regarding diagnostics after IUFD. Subsequently the study protocol was based on these local protocols. Diagnostic tests were included in the study protocol if 70% of hospitals performed these tests after IUFD. For the study all participating hospitals followed the study protocol ( Figure 1 ) and these tests were offered to all women with an IUFD so that each couple with IUFD was managed the same way.
Maternal and fetal blood test results were compared to local laboratory reference values and if greater, were considered abnormal. Maternal and fetal viral serology and microbiological cultures were positive if respectively immunoglobulin levels or culture colonies exceeded the reference values in the local laboratory.
Maternal plasma levels collected on induction of labor of antithrombin, protein C activity, total and free protein S antigen, and Von Willebrand factor (VWF) were measured and the thrombophilias factor V Leiden, prothrombin G20210A mutation (PTG20210A), and lupus anticoagulant were determined in the central laboratory. 8 Presence of maternal anticardiolipin antibodies and a random maternal plasma homocysteine (abnormal Ͼ18.5 mol/L) 9 were tested in local laboratories.
Autopsy and placental examination were performed by surgical and perinatal pathologists in participating hospitals. We urged pathologists to follow the pathology study protocol based on the guidelines of the Royal College of Obstetricians and Gynecologists, the Royal College of Pathologists, and the College of American Pathologists. 7 Cytogenetic evaluation was performed in genetic centers 10 and radiography and magnetic resonance imaging (MRI) by local radiologists.
Adjudication of cause of death
After individual classification of the cause, mechanism, origin of mechanism, and determination of contributing factors of fetal death according to the Tulip classification 7 by an experienced multidisciplinary panel (consisting of 2 obstetricians, an obstetric resident, a perinatal pathologist and, if needed, expertise by a neonatologist, geneticist, or microbiologist), consensus was reached after discussion. The cause was defined as the initial, demonstrable pathophysiological entity initiating the chain of events that had irreversibly led to death. Contributing factors such as smoking and obesity were also identified. In addition, comorbidity was noted such as: hypertension-related disease during pregnancy including chronic hypertension, pregnancy-induced hypertension, preeclampsia, HELLP syndrome, and superimposed conditions. 11 Diabetes-related disease during pregnancy included types 1 and 2 diabetes mellitus and gestational diabetes with or without medication.
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Value of diagnostics
Contribution of each diagnostic test for determination of cause of death according to the Tulip classification was evaluated by the same multidisciplinary panel first individually and secondly during the panel sessions. Diagnostics were adjudicated valuable if "establishing cause of death" (an abnormal result of a diagnostic test established a cause) or "excluding cause of death" (a result excluded a cause of death when there was a suspected cause of death based on clinical findings or review of the medical history, current pregnancy, or antenatal investigations). We also registered if a test was "missing for determination of cause of death" (if there was a suspected cause, the test exploring that cause was missing).
Statistics
Categorical variables were expressed as counts and percentages, and continuous data as means with SD or median and ranges, with exact 95% confidence intervals (CIs) given when appropriate. Differences between groups were evaluated by the Fisher exact test or 2 test for categorical data. A 2-tailed P value Ͻ .05 was considered to indicate statistical significance. Statistical analyses were performed using software (SAS, version 9.1; SAS Institute Inc, Cary, NC).
RESULTS
From 2002 through 2008 a total of 1164 couples and their fetal deaths were included, of which 1025 were studied (Figure 1) . Investigation into inclusion rates by comparison of death registration yearbooks from participating hospitals yielded an average inclusion of 75% of all IUFDs eligible for the study. Reasons for not including IUFDs were: denied informed consent, a language barrier, logistic problems, and the doctor's reluctance to include women because of an already "known" cause of IUFD at birth. This involved deaths with placental abruption, known chromosomal abnormalities, and major congenital anomalies, which resulted in an underrepresentation of such deaths in our cohort.
Median age of mothers was 30 years (range, 17-51 years) and median gestational age at determination of IUFD was 32 weeks and 0 days (range, 20 weeks and 0 days-42 weeks and 4 days). The distribution of maternal ethnic origin was 87.1% Caucasian, 4.6% African, 3.8% Eastern, and 4.5% other. Of these mothers 52.7% were nulliparous. Median fetal weight was 1528 g (range, 12-5410 g). Of these babies 37.2% were small for gestational age (Ͻ10th growth percentile) and 10.1% large for gestational age (Ͼ90th growth percentile) according to Dutch Kloosterman 13 growth charts.
Diagnostic protocol
How often a test of the study protocol was performed varied from 98.7% for placental examination to 3.2% for expert external fetal examination ( Figure 1 ). The results of various abnormal maternal blood tests and the number of women tested are presented in Table 1 . Of the women with increased glycated hemoglobin (HbA1c) (7.9%), 61.8% were not known to have diabetes-related disease. Macrosomia and obesity, known risk factors for diabetes, 14 were more prevalent in this group compared to the group with normal HbA1c. Fetal blood tests derived from the umbilical cord were only performed in 10.5% mainly due to the impossibility of drawing (enough) blood after birth.
We recently published on the contribution of coagulation tests. 8 As shown in Table 1 , in women with IUFD we more often observed decreased plasma levels of antithrombin (17.1%) and protein C activity (4.2%), and increased levels of VWF (14.3%), compared to healthy pregnant women (in which 2.5% and 97.5% were the cutoff points for normal ranges). Overall, inherited thrombophilias in mothers with IUFD were not more prevalent than in the normal population. This was also concluded for hyperhomocysteinemia or presence of anticardiolipin antibodies. Of the 40 women unfamiliar with the antiphospholipid syndrome before the index pregnancy with either lupus anticoagulant and/or anticardiolipin antibodies in this study, the cause of death in 12 IUFDs was placental bed pathology with origin of mechanism infarction, while 23 had other causes of death and 5 an unknown cause of death.
Of the women tested for toxoplasmosis, rubella, cytomegalovirus, herpes simplex virus (TORCH), parvovirus B19, syphilis, or hepatitis B surface-antigen, 17.9% (95% CI, 15.6 -20.5) had positive IgM antibody titers to one of these infectious agents or a positive hepatitis B surface-antigen (Table 2 ). In 1.8% of the total cohort (n ϭ 1025) intrauterine infection was allocated as cause of death, supported by placental or autopsy findings. Of the 739 performed fetal ear/throat and 612 placental swabs, respectively, 25.3% and 22.8% were positive for Ն1 microorganism (Table 2) . Of the positive fetal and placental swabs in, respectively, 74.9% and 71.4% Escherichia coli or group B streptococcus was detected. Of the examined placentas (n ϭ 1011) 12.7% (95% CI, 10.7-14.9) showed histological chorioamnionitis without funisitis and only 21.9% and 25.9% of the fetal and placental swabs in these cases were positive.
As is also shown in Table 2 abnormal findings were observed in 51.5% of performed autopsies, 89.2% of placentas, 30.6% of MRI, and 7.3% of radiography. Abnormal autopsy or placental histological evaluation were defined as abnormal findings stated in the conclusion of the pathology report performed by the pathologist. Minor abnormal findings stated in the report concerning macroscopic or microscopic examination but not mentioned in the conclusion of the Table 4 ). The tests not mentioned in Table 4 including coagulation tests and radiography were respectively never or only once allocated as valuable for adjudication of the cause. On the basis of our findings we derived the following flowchart for an optimal workup of basic and selective diagnostics to determine the cause of fetal death ( Figure 2 ).
COMMENT
A fetal death workup guideline helps in elucidating the cause of fetal death but also aims to prevent unnecessary investigations. There is no international generally accepted diagnostic guideline for fetal death. This study primarily addressed the contribution of a uniform extensive nonselective protocol of diagnostic tests for the adjudication of the cause according to the Tulip classification in 1025 fetal deaths. This resulted in a proposal for a basic and additional workup guideline. In the cognitive process of making explicit the complex 
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Obstetrics Research chain of events eventually leading to adjudication of an underlying cause of death during our panel meetings, we also assessed risk factors and the clinical setting in which fetal death occurred. 7 In accordance with others, [15] [16] [17] we cannot overemphasize the value of autopsy. Earlier studies also provided evidence that after IUFD routine macroscopic and histological examination of the placenta is a necessary complement to autopsy confirming clinical and/or autopsy findings.
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Both tests provide information that is pertinent to nearly every potential cause of fetal death and in the majority of cases exclude causes if there are no signs. Further selective diagnostic testing may follow after pathology results and/or suspect clinical characteristics.
Although an autopsy is optimal, earlier studies have acknowledged the value of MRI as an alternative, 21 particularly for cerebral pathology. 22 Our low performance rate of MRI (6.0%) is probably due to our high autopsy rate, clinicians not being familiar with fetal MRI and unavailability of MRI services. MRI was adjudicated as valuable in only 2 cases and radiography even less. This is probably associated with inexperience of most radiologists with reviewing MRI after fetal death. MRI is generally advised if there is suspicion of cerebral congenital anomalies and radiography if there is suspicion of congenital anomalies and both in the absence of autopsy. 23 We observed chromosomal abnormalities in 11.9% of our successfully karyotyped IUFDs (n ϭ 362). In the 10 Newer cytogenetic techniques in which tissue culture is not required such as molecular karyotyping by array-based analysis results in a more precise evaluation of submicroscopic cytogenetic imbalances and should be considered when karyotyping fails.
FMH was attributed as cause if there was evidence of fetal anemia confirmed by placental examination and/or autopsy in 1.3%. Others reported 3% of deaths caused by FMH. 24 We observed FMH however in 11.9% of tested women, comparable to 8% reported in stillbirths earlier. 25 This 12% frequency may be an overestimate since many of these cases could have been related to a nonpathologic event. We would be inclined to advise investigation of FMH only in cases with suspicion. However, to preserve erythrocytes until after pathology results are available is technically impossible. We therefore recommend investigation of FMH in all fetal deaths before induction of labor, to exclude FMH caused by labor itself.
The most convincing proof of an infectious cause of death is an autopsy with evidence of organ involvement with an organism potentially able to cause stillbirth and/or histological placental examination with infectious findings. 26 Chorioamnionitis by itself (12.7%) should 
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Obstetrics Research not be considered a cause of stillbirth. TORCH serology and cultures are traditionally advised in the evaluation of stillbirth. In our study placental examination and autopsy were able to support an intrauterine infection as cause in only 1.8% of all fetal deaths. This is supported by others. 16, 27 More infections were reported by Petersson et al, 4 24% in fetal deaths Ͼ22 weeks of gestation, most commonly group B streptococcus. Differences could be explained due to our strict criteria 7 and the lack of use of molecular diagnostic technology. Based on our findings we no longer recommend routine screening for infections. We advise obtaining and storing blood for maternal virus serology for all IUFDs. This can be analyzed if there are pathological infectious findings. If there is clinical suspicion of infection this should be analyzed together with maternal, fetal, and placental cultures. However, in parts of the world with a high prevalence of infectious causes such as syphilis and malaria 28 testing all deaths may well be advisable.
We recently concluded after analysis of 750 fetal deaths that, except for VWF, acquired and inherited thrombophilic defects were not associated with fetal death. Although a group of women with fetal death had lowered plasma levels of acquired thrombophilic defects when compared to healthy pregnant women, these levels remained within the normal ranges for nonpregnant women. These data provided no evidence for routine testing of inherited or acquired thrombophilic defects after fetal death. 8 This is confirmed by our data of 1025 evaluated fetal deaths. Thrombophilia testing should be considered in women with IUFD and a family history of hereditary thrombophilia or a personal history of venous thromboembolism, to prevent further maternal thromboembolisms. 29 Overall about 10% of fetal deaths are associated with maternal disease. 30 We observed hypertension and diabetes-related disease during pregnancy in, respectively, 15.1% and 4.0% of the total cohort. Diabetes-related and thyroid-related disease as cause of death were rare. However, an increased HbA1c was often observed illustrating the needs for further scientific investigation into unestablished gestational diabetes. Testing for maternal disease in asymptomatic women has been suggested by many 6 ; we recommend testing selectively if there is a suspect clinical history or suspect current pregnancy. In cases with fetal hy- Diagnostics were adjudicated valuable if: establishing cause of death, excluding cause of death or missing for determination of cause of death if there was a suspected cause. AB, antibodies; MRI, magnetic resonance imaging.
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Research Obstetrics www.AJOG.org drops tests to prove red cell alloimmunization, parvovirus B19 serology and hemoglobin electrophoresis are advised to exclude other causes of death as these were considered valuable in these cases. Obtaining amniotic fluid, which is advised for all fetal deaths, may also provide opportunities for investigation into metabolic disease. The value of this nationwide study with 50 participating hospitals lies in its size and the approach in which fetal death was evaluated: a case-by-case evaluation of 1025 IUFDs. For establishing the cause of death we used the Tulip classification for perinatal mortality that separates cause, mechanism, and risk factors that are often mixed in other systems. 31 Having strict criteria, the Tulip classification system itself influenced our adjudication of causes and judgment as to whether tests were valuable. Not all possible tests are needed to classify cause of death in the Tulip classification. The distribution of causes of death obviously also influences the contribution of diagnostic tests.
In general, the occurrence of diagnostic test abnormalities in our study was low. A comparison of abnormal test results in IUFD vs live born was neither planned nor performed. Some abnormal tests may also be relatively common in live births and therefore it may be difficult to judge their relevance when found in a cohort of stillbirths. However in our procedure of classifying the cause, we considered all available information including the clinical setting in addition to abnormal test results and other diagnostics.
The clinical implications of our findings are presented in a flowchart for diagnostic workup to determine cause of fetal death according to the Tulip classification ( Figure 2) . Autopsy, placental examination and cytogenetic analysis are the basis for diagnostic workup for all fetal deaths. We recommend further individualized sequential testing to avoid unnecessary investigations and positive test results that do not identify the cause of stillbirth and bring on anxiety. Modifications to the guideline, for example testing of HbA1c, can be applied in view of risk factor assessment, declined autopsy consent, endemic differences in causes of fetal death, local preferences and different cultures, technology, or financial resources.
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